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AERODYNAMIC FORCES AND LOADINGS ON SYMMETRICAL CIRCULAR-ARC AIRFOILS WITH
PLAIN LEADING-EDGE AND PLAIN TRAILING-EDGE FLAPS ‘

By JONESF. CARILL,WILLIAMJ. UNDEWVOOD,ROBnTJ. NUBER,and GAILA. CHEES~AN

SUMMARY

An incestigaiionhasbeenmad-ein theLangley two-dimensional
lo~turbuh.ce tunnel and in the Langley two-dimensional
law-turbulence pressure tunnel of 6- and 10-percmt-thick
s.ymnwtrimlcircular-arc airfoil 8ectti at low Mach numbers
and sereral Reynolds numbers. The airfoih were eqwipped
with 0.16-chord plain leading-edgejiaps and 0..2O-chmdpikin
trailing-edge jlups. % 8ection lift and Pitching-momnt
churacteri-stieswere detamined for both airfoih with the @ps
dej?.ectedindividually and in combination. Tlu sedwn drag
charactert”8tic$were obtainedfor the 6-percent-thick airfoil with
the flaps partly deji’ectedCMlowdrag-conirol jlap8 and for both
airfoils W“ththe jlap8 neuiral. Surface pre88ure4were mea8-
ured on the 6-percen#-t&ickairfoil section WWLLb jlap8 dejlected
either individually or in appropti combination to furnixh
flap load and hinge-nwmznt data applicable to & structural?
design of the airfoiL

The expert”me-nidresub%showedmaximum lift wef7i.cient8of
1,95 and .2.0.Sfor h optimum combinati0n8 of dej?.ectwnof
leading-edgejiizpsand trailing-edgejlaps as comparedwith 0.73
and 0.67 for the plain 6- and 10-perca&&.ck airfoils, respec-
tively. Scale e~ect on the maximum. lift co@%ient8 was, in
genera.!, small. The aerodynamic center was ahead of the
quarter-chordpoint and mooed tou.wrdthe leading edge when.
eitlwrthe lading-edge jhp or thetrailing-edgejihp wm dejlected.
Deflectingtheleading-edgejlupwasmoreq%tioe in em%w%ngthe
low-dragrange to higher8ectwnlift coejlkiem%thunde@cting h
trailing-edgejlup. 2%%maximum@p nw.mul-forceand hinge-
moment coe~ents were, respectjoely, .4.74 and l?.l?4for the
leading-edge jl.ap w wmpared m“th 1.48 and –0.61 for the
trailing-edge@p.

A generalizedmethodi-sdevelopedthatpermh the determina-
tion of tkc chordtie pre+w-uredhtritiiirn over sharp-edge
airfm”b with pluin leuding-edge ji’aps and plain trai-li~-edge.
jlaps of arbitrary tize and defi2ction.

INTRODUCTION

Thin sharp-edge wings designed to minimize wave resist-
ance have been proposed for use on high-speed airciaft. If,
howwmr, the aircraft is to land safely or to fly satisfactorily
in the low-speed range, means must be provided for increasing

the naturally low maximum lift of the sharp-edge airfoils.
Because lead@g-edge sep&ation appears to be the limiting
factor, the use of leading-edge high-lift devices is indicnted
as a possible means for improving the maximum-lift charac-
teristics. h investigation has accordingly been made in
the Langley two-dimensional low-turbulence tunnel and in
the Langley two-dimensional low-turbulence pressure tunnel
of the aerodynamic forces cm 6- and 10-percent-thick sym-
metrical circular-axe airfoil sections and of the aerodynamic
loadings on the 6-percent-thick airfoil section at a low N1ach
number and several Reynolds numbers. The airfoils were
equipped with 0.15-chord plain leading-edge flaps and 0.20-
chord plain trailing-edge flaps.

The section lift and pitching-moment characteristics were
determined for both airfoils with the high-lift devices de-
flected individually and in combination. The section drag
characteristics were obtained for the O-percent-thick airfoil
with the flaps partly deflected as low-drag-control flaps and
for both airfoils with the flaps neutral. Surface presarm
were measured on the 6-percent-thick airfoil section with the
flaps deflected either individually or in appropriate com-
bination to_furnish flap load and hinge-moment data appli-
cable to the structural design of the airfoil.

In an effort to provide the designerwith additional section-
load information, a generaJ.izedmethod has been developed
that permits the determination of the chordwise pressure
distribution over sharp-edge airfoils with plain leading-edge
flaps and plain trailing-edge flaps of arbitrary size and
deflection.

COEFFICIENTSAND SYMBOLS

c1 airfoil section lift coefficient; l/gc
clb~ change in ideal lift coefficient oaused by flap

deflection
cla airfoil section additional lift coefficient due to angle

of attack, c1– cl~~
Act= incremerit of mtium section lift coefficient due

to flap deflection
cd airfoil section drag coefficient, dlqc

%14 airfoil section pitching-moment coefficient about
quarter chord,
Pitch~ moment about quarter chord/@
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airfoil section pitching-moment coefficient about
nerodywnic center,
I?itching moment about aerodynamic center/qti

flap section normal-force cOefEci&t, njqc$
flap section chord-force coefficient, x’/qc,
flap section hinge-moment coefficient, h/gc~2
airfoil liftper unit span
drag per unit span
pitching moment per unit span
flap normal force per unit span, positive upward
flapdord force per unit span, positive toward

tmiling edge
flap hinge moment per unit span, positive when

trailing edge tends to deflect dowrm%rd or lead-
ing edge upward

surface-pressure coefficient, in incompressible flow,
Ho–p (’w y—. .

!7 \ v]

pressure-difkrencs eoefticientacrow airfoil, =

local static pressure
free-stream total pressure
free+iream dynamic pressure, pV/2
free-stream velocity
local velocity on surface of basic uncambered &-

foil at zero angle of attack
incremental local velocity on airfoiI surface due to

separation .
effective local velocity on surface of basic airfoil at

any given lift coefficient
additional local velocity on airfoil surface due to

departure from ideal lift coefficient
airfoil chord with all flaps neutral
flap chord
airfoil thickness
distance behind leading edge, in.
distance above or bdow chord, in. -

airfoil section angle of attack, deg -
increment of section angle of attack at maximum

lift due to flap deflection
flap deflection, positive when deflected below chord

line, deg “
@e-strsam densi~
Reynolds number
Mach number

Subscripts: ‘
lN leading-edge flap
F trailing-edge flap
i ideal
u upper surface
L lower surface
/)6 refers to conditions at ideal lift wefficient with flap

ddlected
a refers to difference between conditions at ideal lift

coefficient and any arbitrary lift coefficient

MODELS

Two -s~etrical circular-arc airfoil sections with thick-
nesses of 6 percent and 10 percent are discussed. hiirmtea
of the 6- and 10-percent-thick circular-arc airfoil sections oro
given in tables I and II, respectively. Both of the circular-
arc airfoil models had a 24-inch chord and a 35.6-inch span
and were made of steel. Each model was equipped with it
0.20-chord plain hailing-edge flap and a 0.15-ohord plain
leading+dge flap which were pivoted on leaf hinges mounted
flush with the lower surface. The flaps of the 6-percent-
thick airfoil were made of brass and those of the 10-percent-
thick airfoil were made of duralumin. Sketches of the
models are presented in figure 1. After the force tests were
complete, pressure oriiices were installed on the 6-percent-
thick model at the midspan in a single chordwise row. The
chordwise positions of these oriiices me given in figure 2.
Model end plates were used to facilitate setting the deflection
of the plain leading-edge flap and plain trailing-edge flap.
l?igure 3 shows photographs of the model with md without
model end plates.

The models tiere designed so that trailing-edge-flap deflec-
tions &up to 60° and lading-edge-flap deflections 6Nup to
50° could be obtained. The flaps were sealed at the hirqy
line by having the flap skirt in rubbing contact with the flap.
When the trailing-edge flap of the 6-percen&thick airfoil
was deflected beyond 50°, the gap between the flap unclskirt
was sealed with modeling clay to prevent leakage.

For all tests, the surfaces of the models were finished with
No. 400 Carborundum paper to produce mnooth surfaces;
slight discontinuities, howevw’, still existed at the leaf hinges
on the lower surfacw and at the line of contact between the
flaps and flap skirte.

TESTS?
A summary of the tests made on the two airfoil sections

is given in table ~ showing the model configurations and

‘ooc.—. —————-
/, \\. \\ F
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(a) 6-percent-thiok airfoil.
(b) 10-percent-thick akfoll.

FIGUBBl.-Symmetrical ‘ciroular-arc airfoils ~ith plain loading+dgo
flape and plain trailing-edge flaps. -
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F1amra2.—Location of pressure orhices on tl-percent-thick airfoil with a O.15-ohord plain leading+dge flap and a
0.20-chord plain trailing+dge flap.

tlm figures in which the data are presented. The airfoil
lift, drag, rmdpitching moment were measured and corrected
to free-ah conditions by the methods described in reference
1. The flap section normal-force, chord-force, and hinge-
mornent coefficients were obtained from mechanid integra-
tion of the pressure distributions. Lift measurements of
tlm models with the flaps neutral, with and without model
end plates, indicated that the model end plates had no
significant effect on the measured char@aistics.
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The section aerodymunic characteristi~ of the 6- and 10-
percent-thick symmetrical circular-arc airfoils with the flaps
neutral are presented in figure 4.

The maximum section lift coefficients are 0.73 and 0.67
for the 6- and 10-percent-thick airfoils, respectively. This
decrease in maximum section lift wefficient with increasing
airfoil thickness is opposite to the trends that are shown by
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the data for hTACA 6+eries airfoils (ref. 1) tbrcugh the same
thickness rang~, but it is believed to be explainable in the
following manner: & the thickness of the ~ACA 6-series
airfoils is increased from 6 to 10 percent, the corresponding
increase in the airfoil leding-edge radius results in improved
&flow conditions around the leading edge at the high angles
of attack. The increase in trailing-edge angle that results
from increasing thickness tends” to decrease the maximum
section lift coefficient due to an increase in boundary-layer
thiclmess on the upper snrface. The favorable effect of a
lmge leading-edge radius appeam to predominate in this
thickness range for the NTACA6-series airfoils and higher
values of maximum lift are produced. l?or the circular-arc
airfoils, however, the lea~~ edges of both the 6- and 10-
percent-thicli airfoils are sharp and the air-flow conditions
mound the leadlng edges at high angles of attack are about
the same. The effect of an bicrease in trailing-edge angle
tvith increasing thickness therefore is a decrease of maximum
lift.

The lift-curve slopes in-e 0.097 and 0.090 for the 6- and
10-percent-thick airfoils, respectively. Because the air-flow

(a) With model end plates.
FIGURE3.—Front of a symmetrical circular-arc airfoil with and without

model end plates in the Langley two-dimensional low-turbulence
prwure tunnel.

I

(b) Ti5thout model&d plates.
FIQURE3.—Concluded.

conditions around

AERONAUTICS

the leading edge of both circular-arc &
foils are probably very nearly &e through the wmplde
range of angle of attack, the thicker boundary layer of the
10-percent-thick airfoil is probably the cause of the decrease
in the lift-curve slope. The slope of the lift curve for the
10-percent-thick airfoil was measured at “small positive or
negative values of the lift coefficient to avoid including the
slight jog in the lift curve that occurs near zero lift. This
jog in the lift curve has been noticed before in connection
with sharp leading-edge airfoils (ref. 2) and appeared when
the trailing-edge angle became large. Although a similar
phenomenon may have existed on the 6-percentAhick air-
foil, it was not of sufficient magnitude to be noticeable in
the lift curve. The data (fig. 4) show no appreciable scale
effect on the lift characteristics of either circular-arc airfoil
with the flaps neutral through the range of Reynolcls nuniber
investigated.

The variation of the quartm-chord pitching-momcmt
coefficient of both the 6- and 10-percentAick circuhnwrc
airfoils indicatw a forward position of the amodynrunio
cxmtmwith respect to the quarter-chord point of tho airfoil.
This variation of the pitching moment probably results from
the relative thickening of the boundary layer newr the
trailing edge on the upper surface with increasing angle of
athck. The aerodynamic center of the 10-percentAhick
airfoil is more forward than that of the 6-percent-thick air-
foil. This shift in aerodynamic-center position is in fair
quantitative agreement &th data presented in reference 3
which show that increases in hailing-edge angle or in
the thiclmess. of the rear portion of an airfoil cause the
aerodynamic-center position to move forward. As is usmdly
true when “m airfoil sidls, the center of pressure of tho
circular-arc airfoils moves toward the rear and the quarter-
chord moment coefficient increases m?gatively in the normal
manner. The small negative pitching moment of both
models at zero lift is attributed to asymmetrical loading
resulting from very small model irregularities.

For airfoils having sharp leading edges, the drag coeffi-
cient increases fairly rapidly as the angle of attack departs
from zerol In general, the drag coefficients decrogse With
increasing Reynolds number in approximately the manner
expected for fully developed turbulent flow-on both surfaces,
In the case of the 6-percentAhick airfoil, however, laminnr
flow apparently was obtained over a fairly ostensive portion
of the upper surface at zero and negative angles of attack nt
?iteynoldsn~bers of 3X10e and 6X 10E,as indicated by the
lower drag for these conditions as compared with the drag
obtafied at a Reynolds number of 9X 10°.

AIRFOIL9WI1’HPLAPSDEFLECTZDINDIVIDUALLY

The lift and pitching-moment characteristics of the two
symmetrical circular-arc airfoils with the plain tmiling-edgo
flaps and plain leading-edge flaps deflected individually nre
presented in iigures 5 and 6, respectively.

The maximum section lift coefficients of the 6- &ncl10-
percentAhick airfoik-increased and the angles of attaclc for
masimum lift decreased aa the 0.20-chord trailing-edge flaps
were deflected. The values of the mmimum lift coefficients
(fig. 5) for both airfoils were substantially equiwdent at
corresponding flap deflections.
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FIc+um 4.—Aerodynamic characterjstica of two sy&metrical circular-am airfoila with flaps neutral.
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Deflecting the 0.15-chord k-ding-edge flaps increased the
.maxirnum section lift coefficients and increased the angle-s
of attack for maximum lift (fig. 6) primarily by alleviating
the negative pressure peak3 that cause leading-edge sepa-
ration near mtium lift. The8e pressure peaks are
alleviated because the flow approaching the leading edge is
more nearly alined at high angles of attack when the lea.ding-
edge flap is deflected. The maximum section lift coticients
for the 6- and 10-percentAhick airfoils at the optimum
deflection of the leading-edge flap, 30°, are 1.17 and 1.15,
respectively. The optimum flap deflection is defined as the
flap deflection for highest maximum lift. At corresponding
deflec$ons of the 0.15-chord leading-edge flap, the maximum
section lift coefficients of both airfoils are essentially the
same. At angles of attack well below those for masimum
lift, the leading+dge flaps act as spoilers on the lower surface
of the airfoils and cause some reduction in lift. These losses
in lift increase as the fip deflection is increased.

The variation of the increment in maximum section lift
coefficient Acr~~ and increment in angle of attack at maxi-
mum lift A%Z for both models with deflection of the

leading-edge or%ailing-edge fiaps individually is summarized
- in me 7. I?rom figure 7, it can be seen that the leading-

edge-flap deflection for maximum lift, the optimum deflection,
occurs at approximately 30° for both the 6- and 10-percent-
thick airfoils. No optimum deflection was obtained for
the trailing-edge flap because the highest test deflection
was still the most effective. The mfciimum section lift
coefficients of both airfoils are approximately the same at
corresponding flap deflections, but the increments of maxi-
mum section lift coefficient obtained with flap deflection
differ because of the lowr maximum section lift coefficient
of the 10-percenkthick airfoil with the flaps neutr+ (See
fig. 4.) Positive increment%of the angle of attack for m.axi-
.mum lift resulted vrhen the leading-edge flap was deflected,

but negative increments resulted w-hen the trailing-oilge
flap was deflected (fig. 7).

The pitching-moment characteristics of the two models
(iigs. 5 and 6) show that the aerodynamic center at 10IVaO
(near the ideal lift coefficient) continues to move toywcl
the leading edge aa eithar the leading-edge or trailing-edgo
flaps are deflected. At higher angles of attack, the center
of pressure always moves to the rear and causes the variation
of pitching moment with angle of attack to become stable.
The increments in angle of attack and lift coefficient at
which this change in stability occurs show approxinmtely
the same variation with flap deflection as is shown in figure 7
for maximum lift.

AIBFO1.W WITH FLAPS D“&LBCTBD IN COMBINATION

The section lift characteristics of the two symmetrical
circular-arc airfoils with the plain lea,ding-edge flaps and
plain trailing-edge flaps deflected in various combinations
are presented in iigure 8. The flap deflections that resultml
in the highest maximum section lift coefficient were ~N=30°,
&=60° (@. 8 (a)) and 3N=36”, &=60° (fig. 8 (c)) for the
6- and 10-percentithick airfoils, respectively. The data for
the 10-percen&thick airfoil with the trailing-edge flap de-
flected 60° indicate no impotit changes in the maximum
section lift coefficient with mnall departures from the opti-
mum deflection of the leading-edge flap. A comparison
between the lift characteristics of the two airfoils with tho
leading-edge flap deflected 30° and the hailing-edge flrLp
deflected 60° (@. 8) with those for the airfoil Withthe leading-
edge flap neutral and the trailing-edge flap deflected 60° (fig.
5) shows that the maximum section lift coefficients were in-
creased 0.32. and 0.30 (to 1.95 and 2.03) and the angles of
attack for maximum lift were increased 6.5° and 6°, respec-
tively, for the 6- and 10-percent-thick airfoils by deflection
of the leading-edge flap.

f
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FIGTJBE 7.—Variation of the increment in maximum section lift coeffl-
oient and angle of stall with deflection of the plain Ieading+dge
flap and plain trailing-edge flap; R=6X I@.

The section lift oharactaistics of the two models with the
@in leading-edge flaps and plain hailing-edge flaps deflected
30° and 60°, respectively, obtied at Reynolds numbem
of 3X10e, 6X10e, and 9X10E me presented in @e 9.
At Reynolds numbers between 3X 10° ~d 9X10S, the da~
(%. 9 (a)) show no appreciable scale effect on the mminmm
lift coefficient of the 6-percen&tick airfoil. The section
lift characteristics of the 6-percen&thick airfoil with the
leading- and tcail@g+dge flaps deflected 27° and 60°, re-
spectively, are presented h be 10 for Reynol~ numbe~
horn O.7OX1O’ to 2.29 X10E. In this range of Reynolds
numbers, the m&mw section lift characteristics of the
6-percenbthick airfoil are independent of scale. In the case
of the 10-percen&thiok airfoil (~. 9 (b)), however, some
adveme scale effect (nearly 0.1) is indicated in the m%tium
section lift coethcient at Repolds n~bem be~wn 3X 10°
and 6x 10e. Similarly, some adverse scale effect (a. S (c))
is indicated in the maximum section lift coefficient at
Reynolds numbers between 3X10* ~d 9X1O* ~th the
leading- and tmiling-edge flaps deflected 36° and 60°, re-
spectively. At Reynolds numbers above 9X 10E,however,
the maximum section lift coefficient of this combination
remained approtiately constant.

The section pitching-moment characteristics of the two
airfoils with the leading- and trailing-edge flaps deflected
30° and 60°, respectively, (fig. 9) show that tho aerodynamic
center remains ahead of the quarter+hord point for angles of
attack greater than zero. In addition, the combined action
of the leading- and tmiling+dge flaps caused the moment
coefficients to increase negatively with increasing lift coeffi-
cient until the angle of attack was high enough to alleviate
the spoiler action of the leading-edge flap. k the lift
coe5cient was increased beyond this point, the moment
became less negative until apprmimately 2.5° beyond the
angle of attack for mwinmm lift, w-hereupon the moment
curve breaks.

I.OW-D~GCONTROiPLAPS

The lift and drag characteristics of the 6-perceut-thick
symmetrical circular-arc airfoil with the leading- and trailing-
edge flaps deflected are presented in figure 11. Deflecting
the leading+dge flap to 10° decreased the section drag
coefficient of the 6-percent+thick airfoil at a lift coefficient
of 0.3 about 40 pement by d~ti the fo~ation Of a n%a-
tive pressure peak at the leading edge which causes separa-
tion. li general, the leafig-edge flap wss more effective ~
atending the low drag range to higher section lift coefficients
than was the trailing-edge flap.

&WOILLOADING

Pressure copfficimts obtained hm oriiice static-pres-mm
measurements made on the 6-perctmtAbick symmetrical
circular-arc airfoil with the plain leading- and trailing-edge
flaps deflected in various combinations and at several angles
of attack are presented in table TV.
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The flap section normal-force, chord-force, and hinge-
moment characteristicswith the flaps deflected obtained from
integrations of these pressure distributions are presented in
figures 12to 16. The loads on the lead@-edge and tmiling-
edge flaps varied qualitatively in the same manner which .
would be indicated by the thin-airfoil theory. h is shown
subsequently, however, separation at the sharp leading edge
caused rather large changes in the pressure distributions, and
the quantitative agreement between the eqerimental loads
and those predicted by thin-airfoil theory is not good. For
a given flap configuration, the normal force and moment on
the leading-edge flap increased rapidly in a positive direction
with increasing lift coefficient; whereas, in comparison, the
normal force and moment on the trailing-edge flap remained
almost constant. l’or a given lift coefficient, increahg the
downward deflection of,-.either flap produced downward
increments in both the normal force and moment on the
leading-edge flap in contrast to the usual characteristic of
the conventional trailing-edge flap where the increments of .
the normal force and moment increase in the upward direc-
tion with increased trail.ingdge-flap deflection. Deflection
of the leading-edge flap had very little effect on normal-force
and hinge-moment characteristics of the trailing-edge flrLp.
The magnitude of the loads and momemts on the plain
trailing+xlge flap are of a {iar magnitude to those of the
plain flaps on an ATACA 0009 airfoil (ref. 4). & shown in
@e M for a eembined deflection of the leading+dge and
trailing-edge flaps (8N=27”; &=600), the mtium flap
normal-force and hiq$e-moment coefficients mere, respec-
tively, 4.74 and 2.24 for ‘the leading-edge’ flap as eempared
with 1.48 and —0.61 for the trailing-edge flap.
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o (a) Plain leadingdge flap.
:GWRE12.—Flapsection load and hinge-moment chamcteristim of a O-percenfithick qwnneticd circular-arc airfoil for various defhmtions of tlm

0.15-chord plain leading-edge flap; R=2.1 X I&; 6r=u0°.
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(b) Plain trailing+dga tip.
FIGUEE12.—Concluded.

The chord-force coefficients of both flaps are negative in
sign with the exception of the leading-edge-flap chord forces
at deflections of 21° and 27°. The chordwise forces due to
skin friction have not been included in these remdts. This
omission is considered .to be of minor importance because of
the large magnitude of the normal-force coefficients. The
pressure chord force, however, especially for the ltig-
edge flap, should not be neglected if the resultant air load is
to be obtained. .

The variation of the maximum flap loads and hinge
moments at or below maximum lift with increasing deflection
of either the leading-edge flap or trailing-edge flap is sum-
marized in figures 17 and 18. In figure 17, it is shown that
deflecting the leading-edge flap has no appreciable effect on
the maximum normal-force and hinge-moment coefficients of
tho plain trailing+dge ilap. Large increases in the corre-
sponding coefficients of the leading-edge flap, however, are
evident as the leading+dge flap is deflected. In contrast,
deflecting the plain trailing-edge flap increased the maximum
nornml force and moment of both the leading+dge and
trailing-edge flaps. The magnitudes of the maximum
normrd-force and moment coefficients of the plain trailing-
cdge flap are shown to increase more. rapidly than the
corresponding forces and moments of the leading-edge flap
regardlem of the deflection of the leading-edge flap (figs. 17
rmd 18).

Typical pressure-distribution diagm are presented in
figures 19 and 20 where the flap pressure coeilicients are
plotted against the projected chordwise position of the flap
orifices on the airfoil chord. Use of the projeoted position
accounts for the shorter effective chord in @me 20 as the
flaps were deflected. The load-distribution diagram for the
optimum maximum-lift configuration, presented in iigure 21,

,

shows the comparatively larger load over the leading-edge
flap than over the trailing-edge flap. This load over the
leading-edge flap is the result of the additional normal load
that occurs as the airfoil-fip configuration departs from the
ideal angle of attack or lift coefficient. Thin-airfoil theory
indicates that this additional normal load is inlinite at the
leading-edge but’ decreases rapidly with distance along the
chord to zero at the trailing edge. Actually, because of the
bubble of separdion at the leading edge, the load has a finite
value. A study of table ~ shows that this local separation,
as indicated by approximately constant values of the pressure
coefficients on the upper surface near the leading edge, occurs
for all the configurations investigated at an angle of attack
well below that for maximum lift.

Jn order to obthin some indication of the flow pattern ex-
isting in the neighborhood of the leading edge of sharp-edge
airfoils when supporting a finite lift load, observations were
made of the local velocity and of the action of tufts in the
airstream near the lead@ edge of the 6-percent-thick airfoil
at several angles of attack. At 2° angle of attack, where a
fairly sharp, welld~ed peak occurs in the pressure distri-
bution near the leading edge, no evidence of a separation
bubble was apparent in the data obtained. The velocity
distributions in the flow field above the airf@ and the pres-
sure distribution at the airfoil upper surface for angles of
attack of 4° and 6° are shown in figure 22. Pressure dis-
tributions computed from appro.simate potential-flow rela-
tions are also shown in this figure. At these angles of attack,
where local regions of separated flow are indicated by the
nedy constant values of surface pressure coeiiicient near
the leading edge, the flow surveys show that a reversed flow
existed just above the surface of the airfoil. The pressure
coticients are much lower than the computed values at the
leading edge but are higher than the computed values in a
region just behind the leading edge. The chordwise estent
of the region of reversed flow coincides approximately with
the extent of the region in w~ch the experimental pressure
coefficients are higher than the computed coefficients. l?m-
ther downstream the flow reattaches to the surface of the
airfoil, no reverse flow is. observed, and the pressure coeffi-
cients are slightly less than those computed. The existence
of this reversed flow near the surface of the airfoil suggests
the pr~ence of a “captured” vortes imbedded in the flow,
similar to that occurring on highly swept wings which ex-
perience leading-edge separation. Although the presence of
this vortex causa an increase in loading over a portion of the
airfoil, its effect is not large enough to cause an increase in
lift-curve slope, the decreasw in load@ ahead of and behind
the vortex apparently compensating for any increase in
loading at the vortex. & the angle of attock is increased
from 4° to 6°, the extent of both the flat spot in the pressure
distribution and the regtionof reversed flow inoreases in the
chordwise direotion. Further increasw in angle of attack
cause the extent of this separated region to inorease until it
enclosw the whole chord of the airfoil at maximum lift.
The upper boundary of the reduced velocity in the flow over
the airfoil is also shown in figure 22 and indicates mu-ylarge
losses in momentum occurring in the flow as a result of tlie
local separation. Thwe large losses in the flow are of course
responsible for the very rapid variation in drag coefficient
with lift coefficient shown in figure 4.
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FICNJEE13.—Flap-mction

(a) Plain leading-edge flap. ‘

load and hinge-moment characteristics of a O-percer+thick symmetrical circular-arc airfoil for varioue ddlcotions of
the 0.20-chord plain trailing+rlge tip; R=2.lx lCF; 8N=00.
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(b) Plain trailing+dge lhp.

FI~URD 13.—Concluded.

METHOD FOR PREDICTING THE LOW-SPEED CHORDWISE

PRESSURE DISTRIBUTION

DERIVATION OF THE MRTHOD

Velocity distributions as calculated by potential-flow
methods generally bear little resemblance to those obtained
expmimentally on sharp-edge airfoils because of the existence
of extensive regions of separated flow. If the velocity dis-
tributions about sharp-edge airfoils with flaps are to be
analyzed, the remdtant distributions can be broken down
into vmious component parts as is done in the case of air-
foils in potentird “flow (ref. 1). The most generally used
breakdown considem the remltant velocity distribution ta
bo made up of the following three components:

(1) Distribution of velocity about the basic symmetrical
airfoil at zero angle of attack, o/V

(2) Incremental-additional-veloci@ distribution due to
departure of the
Ava/V (The ideal
coefficient at which
edge,) .

airfoil from the ideal lift ccmtlicient,
lift coefficient is deiined as the lift

the stagnation point occurs at the leading

(3) Mean-1ine velocity distribution
(a) Caused by airfoil camber, Au/V
(b) Caused by flap deflection, (Ao/V).

In the present report, the only type of mean-line velocity
distribution considered is that resulting from flap deflection, .
since the data used in the analysis are for a symmetrical
airfoil section. It “k balieved, however, that the method
may also be applicable to cambered sections.

In term9 of the three component velocities, the complete
vilocity distribution about an airfoil at any lift coefficient
is given approximately by

(1)

(2)

For the basic thiclm&s form at zero lift, the velocity dis-
tribution u/Vcan, in any case, be calculated by the methods
of references 5 and 6. In the absance of flow separation,
the component Ao~T7is usually taken to be a linear function
of the additional lift coefficient cza, that is, the difference
between any arbitrary lift coefficient and the ideal lift
coefficient, and can be calculated by thick-airfoil theory.
If extensive regions of separation do not exist, the com-
ponents resulting from airfoil camber AtJ/Vor flap deflection
(Ao/V)N can also be calculated. The methods of thin-
airfoil theory (refs. 7 and 8) are usually employed for this
purpose.

For sharp+dge airfods for which flow separation limits
the applicability of potential-flow methods, the problem of
developing a general method of determmm“ “ g the velocity
distribution reaolveaitself into a determination of the manner
in which the various component distributions vary with
cl= and & First, the velocity distribution about the basic
thicknw form at zero lift must be determined; that is, by
definition

+=\K+lK
2’

(3)

The value of o/V for the symmetrical airfoil at zero lift can,
of course, be $culated by potential-flow methods; however,
the extent of the separated flow on the upper and lower
surfacea and, therefore, the eilective value of o/V which
must be used in equations (1) and (2) varies with lift co-
efficient and flap deflection. Consequently, the value of
o/W for the symmetrical airfoil at zero lift, determined
theoretically, must be corrected by an increment o’/V which
is a function of lift coeiiicient and flap deflection. The
value of u’/V can be determined from the experimental
data. Next, the manner in which the additiond, velocity
distribution AuJV varies with the additional lift coefficient
must be found. The use of the experimental pressure-
distribution data and the following relation obtained from
equations (1) and (2) provides the solution:

(4)
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(b) Plain trailingdge flap.

FIGURE14.—Concluded.

I?irmlly, the extent to which the theoretical velocity distri- .
bution clue to flap deflection is realized experimentally must
be determined. In order to determine the variation of
AvdV with lift coefficient and to compare the experimental
and theoretical velocity distributions, the ideal lift coefficient
must be known. For any combination of leading-edge and
trailing-edge deflections, the ided lift coefficient can be cal-
cukded by the methods of reference 7; however, because of.
flow separation, a correlation must be made between the
theoretical and experimental ideal lift coefficients.

Ideal lift ooeffloient.-The change in ideal lift coefficient
is equal to the sum of two component changes, one resulting
from leading~dge-flap deflection and the other from trailing-
edge-flap deflection. Each of these components may be cal-
culated separately and added linearly. For each leading-
edge- and trailing-edge-flap deflection investigated, the ideal
lift coefficient c,~thas been determined from the experimental
data. The results are compared in figure 23 with those cal-
culated from thin-airfoil theory. As shown in figure 23, the
theoretical coefficients C,,t for the leading-edge flap are
identical with those obtained experimentally. In calculating
the ideal lift coe5cients cl~t~resulting from deflection of a
leading-edge flrLp)the theoretical value may therefore be used.

For trailing-edge-flap deflections above 10°, the experi-
mentally determined values of the idenl lift coefficient C186P
are considerably lower than indimted by the theory. In
order to determine the change in ideal lift coefficient mso-
ciated with deflection of trailing-edge flaps of different
chords, the method used by Allen in reference 9 to obtain
cl~apwas applied to a large amount of esperirnentaldata &om
various sources. In this method, the ideal normal-force
coefficient is relati’d to the pitching-moment increment
resulting from flap deflection and the center of pressure of the
flap load for given values of flap~oni ratio and flap deflec-
tion. Values of C,,8F(the normal-force coefficient was taken
to be essentially the same as the lift coefficient) obtained by
this method are~lotted in figure 24 against trailing-edge-flap
deflection for flap-chord ratios ranging between 10 and 50
percent. The valuea of the quarter~hord pitching-moment
increment required for the determination of these curves were
obtained from numerous experimental data. These ideal lift
coefficients (fig. 24) represent average values obtained from
a series of teats of plain flaps on a large nuinber of conven-
tional airfoil sections. Similar computations were also made
for the 0.20-chord flap on the circular-arc airfoil used in the
present analysis and, as expected, the results agreed with the
corresponding data in figure 24. For any protile with plain
flaps, therefore, the results of figure 24 can be used for the
determination of the ideal lift coefficient.

Mean-line velooity distribution.-The distribution of veloc-
ity over the surface of the airfoil resulting from flap deflection
(Au/V)~a was computed from the experimental data for
various flap deflections by means of the following equation:

~ (AV) (’3*.-(+)*.

T M= 2

This expression was obtained by subtracting equation (2)
from equation (1) because, by definition, Ava/1”is zero at the
ideal lift coefficient. The data thus obtahed for various
defections of the leading-edge flap were found to be very
nearly independent of flap deflection when expressed in the

()/
Av . A comparison of the mean value of

‘om ‘f ~ MNC1”N .

()/
An
T MN

cZ~8~plotted against percent chord as detetied

by theory and experiment (fig. 25 (a)) shows good agreement.
It is concluded, therefore, that the mean-line velocity distri-
bution resulting from deflection of leading-edge flaps of
various chords can be calculated theoretically with a sufB-
ciently high degree of accuracy. Because of the effects of,
separation near the trailing edge, however, the e.sperimental
velocity distributions resulting from deflection of the plain
trailing-edge flap ~ered markedly from those predicted by
the theory, particularly for large flap deflections. A different
distribution for each trailing-edge-flap deflection was deter-
mined, therefore, and the results are presented in figure
25(b) in the form of (Ao/TOti~plotted ggainst percent chord.

.
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(b) Plain trailing+w tip.
FIGURE16.—Cono1uded.

As n basis for extending the analysis to apply to sharp-edge
airfoils having trailing-edge flap-chord ratios other than
0.20, the normal-force distribution P~Jclb$, was determined
from the pressure distribution at the ideal lift coefficient
for several trailing-edge flap deflections by the following
relation:

p% (au’-(f).’‘($%(+)—= =
When compared with the distributions presented in refer-
ence 9 for a 0.20-chord trailing-edge flap, good agreement
was obtained. It is probable, therefore, that the normal-
iorce distribution P~JCI,8. and, consequently, the velocity

distribution may be det&nined with satisfactory precision
for any desired trailing-edge flap-chord ratio and deflection
from table V (taken from ref. 9, table ~.

Additional velooity distribution.-The values of the local
incremental velocity ratio AV=/Vwere determined from the

experimental data and equation (4). When plot~d S,Sa
function of the additional lift ccdlkient (cl== cz—crb~,thwe
values were found to be essentially independent of both
leading-edge-flap and trailing-edge-flap deflections. Average
values of AvJV are plotted against cl=in figure 26 for various
chordwise positions. It is thought that these values of
Aoa/V (fig. 26) can be used for -various flap-chord ratios
because, after the leading edge has caused separation of the
Elow,any difference in airfoil contour behind that point
would have only secondary effects on Av,JV.

lllYeotivebasic velooity distribution.-~e theoreti~ V*
lot@ distribution v/Vabout any symmetrical airfoil at zero
lift can be calculated by the general methods of references
5 and 6. The effective values of v/V which must be emp-
loyed in equations (1) and (2), however, vary with both
additional lift coefficient and trading-edge-flap deflection
because of separation phenomena. The increment v’/V
which must be added to the theoretical basic velocity distri-
bution was detemined from the following relation:

(5)

Since v’/V is a function of both trading-edge-flap deflection
and lift coe.tlicient,it maybe broken down into two compo-
nents (v’/~~ and (v’/V)., respectively. The values of (o’/V)~
were dete@ned first from equation (5) by-using the experi-
mental pressure distributions at the design lift coefficient.
Values of the total change in basic velocity distribution

:=(%3.+($).
were determined from equation (5) by

using the experimental pressure distributions at various lift
coefficients. The values of (o’/V)~ were subtracted horn the
rcmdts thUSobtiined to obti (v’/V)a. It shotid be pointed

out that deflection of the leading-edge flap had no apprec-
iable effect on the shape of these velocity distributions when
expremed as a function of Cza.

For various chordwise positions, values of (0’/V)~ are
presented in figure 27 as a function of trailing-edge-flap
deflection. Forward of the 40-percentiord station, values
of this component of valocity were found to be negligibly
small. The chordwise position of (v’/V)~ is expressed in

z 1–~
2

termsof —l—E=
~ for points ahead of and_behind the‘d E,

hinge, respectively. In this form, the results are correlated
so that they may be applied to sharp-edge airfoils having
trailing-edge flaps of varying chord. This method of cor-
relation is thought to be justified since the distribution of
(v’/~, is a result of separation at the flap hinge and has
been shown (ref. 9) to be similar for various hinge locations.

The results of the determination of (o’/V)= are show-nin
iigure 28. As would be expected, the values are independent
of flap deflection when expressed in terms of c%.
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(b) Plain tmiling-edge flap.
. Fmmm 16.—Concluded.

OUTLINE OF THE METHOD

k A method has been developed for the calculation of the
low-speed chordwise pressure distribution over various
sharp-edge airfoils equipped with plain leading-edge and
trailing-edge flaps of arbitrary size and deflection. The
assumption has been made that for sharp-edge airfoils the
separation phenomena controlling those components of
the pressure distribution which cannot be calculated from
potential-flow theory do not vary appreciably with variations
in the detailed shape of the airfoil.

If the airfoil section for which calculations are to be made
satisfies the conditions of the assumptions, the following
data may be noted in preparation for the calculation:
l?~ leading-edge flap-chord ratio, (c,/c)N
~~ leading-edge-flap deflection, deg
23’, trailing-edge flap-chord ratio, (cf/c),
6F trailingedge-flap deflection, deg
CJ section lift coefficient
‘z/c chordviise locations at which the pressure is to be

calculated

f
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E
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E
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E

Piain-leoding-edge-f lap Plain-tmiling-edge-flap deflection, 8F
deflect-w, 8N

(a) ifF=OO. (b) 3N=O”.

FIQmm 17.—Variation of m~um section flap load and hinge-
moment coefficients of a 6-percent-thiok symmetrical oirmdar-aro
airfoil for various deflections of the 0.15-ohord plain Ieading+dge
Ilap and O.Xl-chord plain trailing+dge flap; R=2.1 X105.

The calculations are made in the following manner:
(1) Find change in ideal lift coefficient caused by leading-

edge-flap deflection clHMfrom the following equation (derived
from ref. 9):

~T5JEN(1– EN)6NcltiN=—

(2) Find change in ideal lift coefficient caused by tmiling-
edge-flap deflection cl~a~from figure 24.

(3) Find additional lift coefficient c,=

Cla=cl—(CIM*+CIMF)

(4) Find incremental additional velocity Ava/V from
iigure 26.

(5) Obtain airfoil basic velocity at x/c, o/Vfrom references
5 and 6 or from the following equation (ref. 10) for circular-
arc airfoils:

‘[1
nir

4 coshll-cos~

+=2
cosh ~+ 1
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I?mmm 18.—Variation of ~um section flap load and hinge-
moment coe5cienta with p’lain-trailing-edge-flap deflections of a 6-
percen&thick symmetrical circular-arc airfoil for various deiieotiona
of the O.lS-chord plain leading+lge flap; R=2.1 X 108.
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FIGUItE 19.—Chordwiae vai+ation of p=~ coefficient for the 6-
percent-thick symmetrical circular-arc airfoil with the flaps neutral;
R=2.1 X 10E;df=O.15; aO=0.50. See table ~’ (a).
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I?mmm 20.—Chordwise variation of prmure coefflckmt for tho O-
perceht+thiok symmetrical oircular-mc airfoil with the plain lemling-
edge tlap deflected 27° and the plain trailing-edge flap defleoted !30°;
R=2.1x108; M=o.15; aO=10.2°. See table IV (r).

FMJURD21.—Load distribution over a O-percent-thiok symmotrioal
ciroular-arc airfoil; a~=27°; 3F= 60°. R=2.1 X 10°; m= 10.2°.

(6) Find the prwedifference coefficient due to the
leading-edge flap PMNfrom the follotig equati~n (derived
from ref. 9): .

PMN=-& 6. log,

I

J,&EN,(l-:)+4mc

Jm--

(7) Find the pressuredifference coefficient due to tho
trailing-edge flap PMFfrom table V and step (2).
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FIGURE 23.—Variationof change in ideal lift coefficient with deflection
of the 0.16-chord plain leading-edge tlap and 0.20-ohord plain
trailing+dge flap on the 8-percen&thick symmetrkd circular-aro
airfoil.
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Fxwrrm 25.—Mean-iine velooity distribution for varioua flap defieotions.
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Fxcmrm27,—Vnriation of (o’/V)i due to separation in the region of the
trailing edge tith plain-trailfng-ed~tip deflection.

(8) Find incremental velocity due to separation at the
leading edge (o’/V)= from figure 28.

(9) Find incremental velocity due to separation at the
trailing edge (u’/V)~ ,fiom figure 27.

(10) Add the incremental velocities obtained in steps (4),
(5), (8), ~d (9) to obtain the eilectivemvelocity on the
surface of the basic airfoil at the desired lift coefficient, VbfV.

(11) Add the pressure-difference coefficients obtained in
steps (6) and (7), PM.

(12) Substitute values from steps (10) and (11) into the
following equations obtained from reference 11:

()
u, Pw 2

&l= y+--@

. v

()

s.= ;–h 2
4;

EXAMPLE

In order to demonstrate the method, the following example
is presented. It is required to determine the pr~ure ‘coeffi-
cients S at 56 percent of the chord of a &percent-thick
symmetrical circular-arc airfoil section with a 10-percen&
chord plrh leading-edge flap deflected 30° and a 30-percen&

chord plain trailing~dge flap deflected 400. The section
lift coeffmient is assumed to’ be 1.65.

The airfoil section obviously satisfies the general assump-
tions of the method. The follow@g data are then assembled:

(1)

(2)

(3)
(4)

(5)

EN=O.l &=30”

EF=O.3 6p=400

CJ=l.65 :=0.55

r ~(0.1)(1–0.1)(30) =0.628clMN=~

From figure 24,
CIMP=0.772

CJ==l.65– (0.628+0.772) =0.25

From f$$re 26,
Av
~“=o.034

The basic veloci~ distribution for the 6-percen&thick
symmetrical circular-arc airfoil at zero lift has been computed

and plotted in figure 29. At ~=0.55

.
;=1.0,78

(6) PNN=~ log,
[

4(1–0.1)(1–0.55) +4(0.1)(0.65) “

,/(1–0.1)(1–0.55) –4(0.1)(0.55) 1
=0.516

(7) From table V, for &= O.786,

PMF
—=1.265
CIMT

then
P~F= (1.265) (0.772)=0.977

(8) From figure 28,
I

();==–0.006

(9) .From figure 27,
f

()+.=2?.062
(li f= O.034+1.078 –0.006–0.062=1.044

(11) PN=0.516+0.977= 1.493 ‘

[
1.493

T
,

’12) ‘u= 1.044+4(1.044) ‘1.97

[

1.493

7‘?= 1.044–4(1.044) ‘0.47
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FXQURD29.—Velooity distribution for the O-pert.ent.-tkioksymmetrical
circukbr-aroah’fofl 8ection; m= 00; 8N= & = OO.

ACCURACYAND~A’lTONS OF ~OD

In order to justify the method of correlation employed in
the development of the present method, the calculated
pressure distributions over the 6-percent-thick symmetrical
circular-arc airfoil section and the integrated flap normal-
force and hinge-moment coefficients for several individual
and combined deflections of the plain leading-edge and plain
trailing-edge flaps are compared with those obtained experi-
mmkdly in figures 30 to 32. The flap pressure coefficients
(fig. 30) are plotted against the projected chordwise position
of the flap orifices on the airfoil chord. The dispersion of
the normal-force and hinge-moment results shown in figures
31 and 32 may be considered typ@al of the accuracy to be
expected from the present method. In every case the cal-
culated values of the flap loadings are shown to provkl e a
reasonable quantitative prediction of the experimental loads.
For individual deflections of the leading-edge and trailing-
edge flaps, the normal-force and hinge-moment character-
istics as rLrule are within 10 percent of the experimental
values. For combined deflections of the leading-edge and
trailing-edge flaps, the predicted values of the loads “and
bingo moments over the trailing-edge flap remain within 10
percent; whereaa for the leading-edge flap, the method tends
to underestimate these characteristics to a larger degree,
depending upon the magnitude of the flap deflections.

The flap hinges were located on the lower surface of the
.~oil and the fips=ere in contact @$ I&-a skirts so
that, in effect, there was no leakage of ambetween the upper
und lower surfaces. Changes in the vertical location of the
hinge line are believed to have negligible effects on the
airfoil characteristics. If leakage at the flap hinge were
present, however, the effects may be such as to alter the
separation phenomena particularly at low trailing-edge-flap
deflections.
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I?mmm 30.—Variation of surfaco prewm c.oellioient with percent
ohord for the O-percent-thiok symmetriml ciroular-aro airfoil seotion
with 0.15-ohord plain leading-edgo flap and 0.20-ohord plain trailing-
edge fiap.
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Fmwm 30.—Continued.
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F1GUR?330.—Coi@uded.
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Itmmm 31.—Conoluded.

4.0

3.6

3.2

2.8 (

2.4

2,0

% c%
1.6

1.2

.8

.4

0

-A. .4 .8 ,2
1.6 2.0

cl q

(a) 0.15-chord plain Ieading+dge flap.

I?mwrm 31.—Fhq-section normal-forca and hinge-moment ohamoter-
istim of a 6-percent-thick symmetrical ciroulm-aro airfoil sootion for
individual deflections of the plain leading+dge flap and plain tmfMng-
dge flap. .
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(a) 0.15hhord plain leading+dge flap.

Frwrm 32.—l?lap-seotion normal-force and hinge-moment ohamoter-
iatics of a t!-percen~thick symmetrical oiroular-aro airfoil sootion for
cambiued deflections of the plain leading-edge flap and plain tmiling-
edge flap.
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I?mwrm 32.—C!oncludti.

Although there may be some tendency of increased
Reynolds number to alter the conditions of the boundary
layer, the effects of scale will probably be insignificant
particularly in view of the negligible variations in section
lift coefficient associated with sharp-edge airfoils. (See figs.
9 rmd 10, rmd ref. 12,)

CONCLUSIONS
A two-dimensional wind-tunnel investigation waa made of

two symmetrical circular-arc airfoils 6- and 10-percent thick,
with plain leading- and trailing-edge flaps at Reynolds
numbem from 0.70X 10Eto 18X 10E. The redts obtained
indicated the following conclusions:

1. Maximum lift coefficients of 1.95 and 2.03 were obtained
for the optimum combination of leading- and trai.l@-edge-
flap deflection for the 6- and 10-percen&thick airfoils,
respectively. The corresponding maximum lift coeiiicients
for the plain airfoils were 0.73 and 0.67, respectively.

2. The optimum combinations of flap deflection for the
6- rmd 10-perceni%hick airfoils were found to be J~=30°,
6p=600 and 8W=36”, 8P=60°, respectively, where 8Nrepre-
mnts the leading+dge-flap and 8F the trding-edge-flap
deflections. The results for tlm 10-percent+hick airfoil with
the trailing-edge flap deflected 60” indicate no important
changes in the mtium section lift coefficient with small
departures from the optimum deflection pf the leading-edge
flap.

3. The scale effects on the masimum lift coefficient were,
in general, small, the largeat change being a decrease of
about 0.1 for the 10-percent-thick airfoil for Reynolds
numbers from 3X 10eto 9X1 O*. .

4. The section pitching-moment characteristics indicated
that the aerodpamic center was ahead of the quarter-chord
point and moved toward the leading edge when either the
leading-edge flap or the trailing-edge flap was deflected.

5. Deflecting the leading~dge flap was more effective in
extending the low-drag range to higher section lift coefficients
than deflecting the trailing+dge flap.

6. The leading-edge-flap section normal-force and hinge-
moment coeillcients increased rapidly in a positive direction
with increasing lift coefficient; for a given lift coefficient,
however, iucreaaing the downward deflection of either flap
produced downward increments in the leading-edge flap
force and moment coticients.

7. The trailing-edge flap section normal-for~ and hge-
moment coefficients are of a similar magnitude to those for
a plain @iling-edge flap on a subsonic @e of airfoil.

8. The maximum flap normal-force and hinge-moment
coefficients were, respectively, 4.74 and 2.24 for the leading-
edge flap as compared with 1.48 and —0.61 for the trailing-
edge flap.

9. A method for predicting the pressure distribution over
sharp-edge airfoils equipped with plain trailing-edge and
leading-edge flaps has been developed from a generalization
of the pressure-distribution measurements made for this
investigation. A comparison of the measured flap loads with
those obtained by the generalized method iudieates that the
methods by which the data were generalized give overall
results which are in reasonable agreement with experiment.

LANGLEY AERONAUTICAL LABORATORY,

INATIONAL ADVISORYCoarmwrEEFORAERONAUTICS,
LANGLEYFIELD,VA., Afi 16’, 196S.
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TABLE I.—ORDINATES FOR THE 6-PERCENT-THICK. TABLE IL-ORDINATES FOR THE 1o-PERCENT-THICK
SYNMETRICKL CIFtCULAR-ARC AIRFOIZ . SYMMETRICAL CIRCULAR-ARC AIRFOIL

[Stationsand ordfrratca@’FII h ~t of afrfofl irord] [StathJMand ordlnaba given in parwnt of alrfofl ohord]
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TABLE 111.-SUMMARY OF TESTS OF CIRCULAR-ARC AIRFOIL SECTIONS
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TABLE IV.—PRESSURE COEFFICIENTS FOR THE AIRFOIL
WITH THE LEADING-EDGE FLAP AND TRAILING-EDGE

FLAP DEFLECTED IN VARIOUS COMBINATIONS
AND AT SEVERAL ANGLES OF ATTACK

[R=!21)(llY; M=a M] ,

(a) aN-w’, Jr=w
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● we Ofottook for mo@rlnn ~.
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:E
.45
.64
.ea
.76
.85
.93

1:E
LOS
LC@

M
L09

1%

● 9.1”

LB
L&2
1.S3
LE3
L84
L35
LIM
L67
:g

i:
::

1:n
L 69
L 49
L37
L23
L42
L33
1.,M
L29

;:

:E
.44

::

:Z
.W1

%
Lll
L M
L 16
L 17
L 19

i:

10.P

L25
LZ3

;;
L 74
L 76
1.76
L70
Ln

i%
L 81
L 81
L78
L73
L72
L 61
1.49
L48
L64

?2
L44
1.39
L36
.12
.21
.?3
.44
.65
.07
.77

%
LM
1.lm
L 15

:%’
LB
L29

i:

TABLE IV.-PRESSURE COEFFICIENTf+Continued

(b) hr-fs, 6F=O”

Orfflm
–20“

1.78
.28
.42
.m
.62
.74
.E2

i%!

M!
1.CX5
L@
1.11
L 13
1.12
1.11
L Qa

?:
L 07
1.O!

:2
.87

M

i%
LOl

M
L 17

w
L 16
L12
1.07
L04
.s
.94

M

L33
.49

:E
.Fu
.’W
.W

::

1.16
L 15
L 16
L 17
L 18
1.M
L 18
LC@

w
1.07
LOS
.07

:E
1.71
L 19
L 04
LO-I
.s9

;!

1.14
L 16

H

H!
.%s
.91

1:8

2W

—
4.1“

0.02

it
L03

::$
L 19

~:

M

H
L !24
Lm
L 17
L 10
1.10
L 13
1.C9
L04
.07
.6a
.35
.22
.76
.Sa
.84
.84
.86

ig
L07
L@J
LC@
L 03
L05
L02
.%3
.93

i~

& 1“

L 67
!L3i

H
!L4U
Z42
2W
248
242

i~

.:%
L 42
L23
LB
Lm
1.14
L 13
L 16
L 13
LOS
L04
1.01
.99
.ll
.21

“ :Z
.49

:~
.2$

:ti
.93

L 01
L03
L@
L 01
1.m

i$

Q1“ ●. 2“

i%
L97
1.!3$

M
202

~;

205
Z03

M!
L67
L54
L44
L33
L32
L37

?%
L23
L23
1.a
.11

;:

.47

:$

%

i%
L 07
L 11
L12
L 16
L 16

ig

321OO6—OAI3O



-——.—..—..——— —.

946 , REPORT 114&NATIONAlJ ADVISORY COMMIT1’EE FOR AERONAUTICS

TABLE IV—PRESSURE COEFFICIENTS-Continued TABLE IV.—PRESSURE COEFFICIENTf&Continued

(c) a.v-9”, .3Fo”

-–.-.——.––-m . . . . . . . . . . . . . . . .— —.. . .. U.. L Prwsnre mxliofoniafor .wctfon@ of attuok-

-209

r— Weulsl vu IorzamonHIW301 UUIWK—

0MQ3 S[c —
0ri6cs —

41”

—
O.1”

. —
10.P

—
UP w’ !LCPL 1“ o.1“ L1“ 18.w2.W’ 3.1”

L w

::

S.as
!4.M
110

M
4.43
269
212
1.a
L 04
1.62
L 37
1.27
1.16
1.13
L21
L 13
pJ

.09

.C@

. M

.x-l

.2!3

.Z3

.!23
,24
.42
.68
.69
.77
.84

:E
.96

:%

::

3,39

$;
yJ

3.26

i:
3.76
264
als
1.30
LC5
L 49
La
1.26
L 18
1.17
l.m
1.17
L 1S
1.11
L 11
LG9

:!!
;;?

.19

;;

:%
.80

%

i~
L04
.18
.Cc3

0.36

M
1.Ea
L63
L n
2aa

M
4.42
242

kg
L69
L 47
1.36
1.!M
1.16
1.14
1.m
L 12
1.lM
.f@
.93
.92
.B
.2J
,2s

:Z

%
.02

:2
.87
.91
.94
.05

%
.21
.04

~
2
3
5
7.5

10
u.
15
ML1
18.3
26
36
46
63
06
74
77.03
78.3
S3

H~.

97.5
I@)

p

2:
la 1

E

E
06
75
8s
w
0s
97.6

%3

.-

.
- - - -

An91eof ti for mdmwn lffk ; gukukf ;=m maxfmmn Ifft.

TABLE IV.-PRE9SURE COEFFICIENTS-ContinuedTABLE IV.—PRESSTJRECOEFFICJENWContinued
(f) 8N-CP, ar-fF

Pmsare cmllldants for &on @@a of attaok— I LOrme r/c
Pramro mOMaatnfor aeot!onO@e of attaak–

la P

0.E3
L72
L 73
L 73
1.74
L 74
L 76

?Z

:;

::%
L 77

M
1.61
Lm
1.69
L 61
1.69
La
L&l
L 44
.10

:2
.43

:%
.75
.86
,9i

$ ~

1:11
L m
L n
1.32

1::

Orfora —
0“

—
8.1” 16.2+

2%7
?L02
3.04
3.06

M
&01
274
26s
215

2%
Lm
LW
L06
L60
I.m
L39
1..%
L48
~g
L36

Wl
.03

%
.24
.94
.26

::
.69
..93
.s$

i=
Lll
1.16
L21
.24

LC5

4s 0.1” I 4.1”-4. 1“

0 3.44
3.&7

Hi
3.89
aw
.3.77
3.@
CLm
245

M
L79
LOl
L 47

M
L 17
L 17
L20
L 17
L 13
L 11
L 10
L%

.10

.19

:2
.2’4
.40

:$
.70
.s3
.m
.$3

i%
LCM
.24
.es

L&5
.29

:~
.61
.71
.78
.=

i%
.91
.@

:$?
L M
L 17
L21
L 19
L 19
L%
L 16
L@
LfO
.94

iti
L 91
L@)

?;
L 21

$%J

;E
L 04
.s9
.s3

:ti
L13
L05

am
LM

;;

1.11
L 13
L 15
LfB3

i??
L 21
L24
L26
L%
L26
L!M
1.19
L 18

.;;

.89

::
.e.5

:E
.W
.91

iZ
L03
L07

:$J

:E

:%

i%

L 18
L 17
L2%l

;%
1.a

:3
.19
.31

.94

.23
.93
.07
.16
.!26::

.37

.33

.31

:E
.76

:%
.03

::
.’M
.Q5

.46

.64

.03

.73

%!
.03

:E
.92

:2
.96

.46

.EJ

.65

.43

.62

.af

.74

.83

.@

.96

.07

1:E
LOO
L 12
L 15

.91

i$
L 01
LW
.96
.CL1
.fm
.9.5
.94

i%

.96
.34
.%5

.ea

.fa 1:z

*Ar@ofattark fcumarfmum Ifft.
b Iatemfd De&sUW.
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TABLE IV.-PRESSURE COEFFICIENTS-Continued TABLE IV.-PRESSlJRE COEFFICIENWContiued

Zjc

(f) 6H=O”,d?-42°

foraectfonangleof a*—

2.@ ] u“ ] ●o.,o I 8:10

prm~ co37M3ntafor5eatfonauglaofat~—
Orflb — —

w

—
0.1”-L1”—

LW
.4.5
.68
.e5
.76
..!3

M
x’
233
230

2:
237

iz
L 91
Lb2
L42

M
L39

%
Lm

:$
L@
LM
L@3
.14
.24
.0
.47
.69

::
.63
.$7
.@
.87

:;
.&a
.04
.m

i!i

LE5 La
z 17 1.91
217 Lf12
218
219 ;E
!L21 L94
223
225 M
%2s Lw
.81 .?7

M M
211 201
L=
1.01 i:
L4b L 71
L3b L@)
L21 1.40

1.47
M’ Lm

L 49
;; L40

L 16 ;:
L 14 1.$3
.09 ;:
.19

.81
:: .41

% :2
.m .?l
.79
.$4 ::

.91
:3 .91

.87
.$4

i~
i% L 13
1:C-J Lm

L 10 i%

.s2 I .47 .24

:2
.59
.59
.76
.&a
.&?
.91
.91
.@l
.81

:Z
.QS.@

.83

%

.94 .rn
.W

:%
L!i3 i~

. ..
:E

Lm
I - - -

● Anglo of atta.akfor rnuhnnm Ilk
b Iateti PCMYUIW.

TABLE IV.—PRESSURE COEFFICIENT&Continued

‘ .mle of attaok for nl&umln ~.
bhtamafpmmmz

TABLE IV.-PRESSURE COEFFICIEN%Continued

(3) h-w, b=2P

Presmra cm3ident9forsectfonangleofattaok—

0) h-r, 6F-W

OrfllcsOrlflea S[c —
-4.1”-20”

0.34
1.78
LZ3
L 16
L 18
1.21
LB

~g

L 31
1.32
L 30
L38
L u

M
L%

g

1.42
L 43

M
.53
.@

:E
.82

X
.92
.91

:$
.64

:%

1:E

l%

–&1” -w LO” m . 3.W u“O.1”

L@
214
214
214
2 lb
217
219
221
228
.76

$:

213

;Z
L 6-5

M
L65
1.m
Lm
L 47
L40
L41
.lxl
.M
.%
.30
.46
.bb
.ei

:;
.77

::
.64

i 2
Lll

i%

;
3
4
5
6
7

$%’
L30

t%’
L21
L25

*R

i%
L39

kE

M
L&3
219
L92
2W
L%
Lm

%
L79
.47

:E
.C41
.71
.74
.75
.n
.M
.M
.37
.34
.81
.32
.O1
.83
.75
.54

2LSI
2wl
2m
230
Z 81

R
2s5
237

i%

;:
237
2!23
210
1.w
204
L@
L87
L81
L79
L 76
L 74
L71
.Oa

:%
.23

::
.49
.63
.62
.47

:E
. lb

%
.S3
.46
.bl

I

● We of QW for modmnm UfL
b fntmnaf mmures.

●AngloofattOokfOrmaxfmnmIfft.
bInternalD~
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TABLE IV.-PRESSURE COEFFICIENfiontinued TABLE IV.-PRESSURE COEFFICIENTS-Continuod

c=) .4X-5”, ar-’r (m)JH-60,&-ZP

Chi6m Z[c

—., —

Fr8mra aefikfmta forsdfon angk of attack— Premuro codOoknts for wotfon angle of atbmk- J
Orirh

-20”

—
0“

—
MY

—
4J” 0.1”

—
-4.1” -20” o“ 4.1”

—
6,1” ● 7.1”-4.1” 8.1” 12.2- 20” &,.

n :7J

.61

.6s

.7’I

.82

.91

+%

:1
L 16
1.18

1%

l:R
1.18

R
1.09
Lm

%
1.m
1.S4
L70
L39
L05
L 01
L09
1.13
L 14
L12
LOS
1.01
.s9
.6-3
.95

%
LfM

0.34
206

1:E
LB
1.%
L28
1.u
1.42

1:E
1.46
1.44
1.45
L 44
L 44

M
L 40

%
L 40
l.g

1.34
.43

%
.K1
.07

%
.s3
.84
,&a
.70

:~
.80

i~

i~

o
1
2
3
6
7.5

::
lb
lfi 1
R 3
25
36
45
65
05
74
77.U3
7a3
w
86
w
96
97.6

lIM
1.3
26
6

Ili
la 1
26
35
46
65

E
M
WI
95
97.5

%3

an
.W
.92

1:%
1.11
1.18
]. 9J
L m
.34

i%
L36
L 39
1.40
1.4

w

;g

1:43
L 43
L42
1.37
.78

:~
.s3
AIJ

.m

.m

.91

.87

.m

.64

.63

.82

1:a

i;

HI?
2al
251
2m
216
1.81

?:
.M

::
1.65

?6
1.49

M
1.43
L 40
1.%
1.42

M
1.30
.22

:E
.62
.%
.O1
.71
:$

.79

.74

%
.79

i;

1:z
—

‘Art&o
b Interm

~~&fs @mum ML

TABLE IV.-PRES3JRE COEFFICIENT& Continued

taok formoxlrnron lift.
‘esurw.

TABLE IV.-PRESSURE COEFFICIENTS-Continuod

PrmurOcmftl&lts forwliOnar@ofa~ Pmmro roafflcianti forwot!onangloofatkmk-
Ormo Z[cOrilm Z[c —

-4.1” -2fP V w 4.1” Ill” 10.P -L 1“ 1220

:7J

.04

:E
LfO
L 07
L 10
:3

L21
L22
L2S
L28
L 31
1.32
L37
L34

i%
L27
L 13
L@8
L03
L 01
L 61
L 11
L@
L 01
.!M

i:
L6t

k%
.Q8
.Sa
.67

:x

.91
L22

0.70
LO)
L02
1.m
1.10
L 17
L23
L 31
l..

L40
L%
L36
L?J3

w
L38
L 31

;%
L%
L 16

:$
L 07
.71
.74

%

::

:2
.s3
.97

:2
.8J

:E
L@)
.78

L19

0.37
218
22)
212

M
L41
1.43
1.46

1%
L 49
L%
L44

?E
L40
L 31

w
LB
L 17
Lll
L 10
L07

:g

q

:%
.91
.91
.S9
.82
.S3

:%’
.B

i~

!
2
3’
5
7.5

10

H
le. 1
I&3

z
46

E
74

%%
S3
86

‘%’
97.5

100

:;
b

1::
la 1

#

z
76
86

.%’
97.5

.M.3

1.22
.39
.E3
.61

.;
L07
L M
L 51

f%
L 23
L25
L28
1.a
L33
L 33
1.Z4

:%
L23
L 12
1.U3
1:g

M
L E3
l..

.87

I:ti
L02
1:g

.87

.66

g

.81
L 17

,
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TABLE IV.—PRESSUIW COEFl?ICIENTS-Continued TABLE IV.-PRESSURE COEFFICIENTS-Continued

Prrmro cne03af@s for seotkmangle of attaOk— Prmnre cfmallddaforsOOUonangleof att8ck–

Zlc

0

;
3
6
7.6

10
12
16
M 1
la s
25
w
46
66
05
74
77.6’3
7a3

f

06
97,6

Im
L 3
26
6

It:
18.1
25
36
46

%

z
WI
96
97..5

&8

4.1“ &1“

Orfnm Z/c

u“
—
4.1”

—
u“ w-209 21Y -20’ MY Ll”4.1”

::
.47

%

%
L 11
1.48
1.19
L 24
1.B
1:’23
La

;: E
L40
1.m
L 41

l%
L42
L43
L 41
L86
1.47
L 47
L 49
L 48
1.as
L06
.91
.05
.06

%
.73
.73

i%
L@
1.18
L 24

L 42
.60
.73

%

M
1.w
1.71
.OJ

Ml
L37
L=
L42
L 42
L43

1:$
L42

;:

;: $
1:3$

.92

.W

.86

.78

.77

.87

.m

.!31

.m

.W1

::

:%
L09

i%

:4J

L 16
L 16
L 24
1.31
L42
1.Ml

:R
1.M
L 61
L 48
1.47
L 47
;. g

i23
L43
L 41
L36
L42

Ml
L37
.6s

:%
.53
.65
.ea
.77
.aa
.84
.ea
.n
.62
.84
.s6

i:

i%

a66
2W
239
236
L92
L66

kg
210
.49

L 76
L64
Lh9
L66

i%
L 47
L 24
1.44
L41
1.39
L41
L 41
1.40
1:R

.41

.E41

.64

.62

.m

.69

.76

.79

.78

.74
:62
.82
.79

<:

L!m

L 18

M
237.
%91
2W!
246
2al
::

1.81
L72
L6S
1.61
1.67
L 62
1.47
1.23
L 44
L40
1.37
L 39
1.m
1.S3
La
.16
.25
.36
.U
.43
.49
.61
.ea

::
.71

:E
.77

i:

i:

%
284

;E
%01
*62
*M
2m

2%
::

L@3

::
L 61
L28
L 62
L60

?:
1.?a
1.34
1.m
.M
.14
.2s
.33
.30
.42
.64
.a
.69
.70
.07

:%
.74
.91

l..

L23

229
244
24a
240
247

::
262
264

2E
2U
2S4
2f@
1.$9
L72
LOI
1.84
L67
1.66

:$

k:
L39
.6$
.14
.24
.32
.34
.41

:s
.@

:Z
.m
.m

:2
L@

i~

;
3
4
5
6
7

0

:
3
5
7.6

10
12
M
M 1
18.3”
25
35
4a
66
05
74
n. CQ
7a3

~
w
675
67..s

103
1.3
26
6
7.6

11.4
la 1

z
4a
66
86

;
w
QJ
f#6

m.3

L 19
.17
.82

.::
.86

i~
L03
203
1.69
1.44
L 43
1.45
L 49
L61
1.Fa

:$
1.63
L69
Lm
Lb9
L 6!3
1.67
L 19
L 19

::3
L21
L23
LB
1.16

:~
.74

:E
.09

i$

:Z

a64
.43
.b9
.67
.84

i%
L62

:E
1.97
Lm

M

?~
L 80
L65
1.w
L65

w
L07
L@3
l..

.$5

.9a

.%5

.64

.8A

.M

.s

.08

.85

.s

.46

.48

:%
:%

1.37

%87

i%
424
4.27

R
3.97

M
276
240
210
L(Q

%
L69
L 61
LOO
L46

M
1.47
~~

.01

.63

:H
.17
.18

:3
.44

:%

:Z
.46
.71

:R
L24

8
1:

*Awh OfattackfOrtimrrm IffL
bJntermd PE3SUIES.

L
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Ti$BLE IV.—PRESSURE COEFFICIENTS-ConaludedTABLE IV.-PRESSURE COEFFICIENTS-Continued

PreSmra Cmfocfentafor Smtlonm%cleof attaok— Pm!mro mfiidenti for s?ction ode of attack—

Orfflco Xjc

0

;
3
6
7.6

10
12

R 1
la 3

%
45
66
86
74
n. m
7%3
al
85
WJ

E. 6
lm

k;

;. 5
11.4
la 1
26
36
46

E
76
86
K1

~. 6

m.s

Olincm Zlc =7=-20” @
- —

a:; IL29
.82

.62

.72 1:E
1.m

ifi 1.48
L42 L z
L81 213

&m
M 4.16
2a5 230
L83 2a.2
L 74 L$!3
L71 LtQ
L 74 L82
L 74 LW

L 76
;E 214
L 91 L8fI
1.%5 L M

L8S
i% LS3
LE9 l..
L 81
1.76 L70
.76 ..19
.75 .64
.76 .m
.74
.73 ::
.67 .a
.al .44
.61 :$
.m
.48 .44
.40
.32 :~

:: :Z

:E ::
.67
.49 :x

-4.1” -2,0” 20” 4.1” *6.1” al” -4.1”
,

L@
.a
.77
.E3

~;

L38
1.77
.6s

1.44
1.41
L 46
L 47
1.62
1.6a
L 61
L 61
L 02,
L04

:2

;:
L 61
.89
.65
.83
.80
.7a
.n
.m
.s0
.73

:#
.44
.29
.fa

1:z
.67

L%

0.34
L 21
L 17
L 18
L26
1.33
1.4a
L&)
202

i~
L62
1.b5
1.60
L69
LOO

i%

;E
f~

i 66
1.64
L m
.62
.67

:g

:;
.73
.72
.07
.66
.37’
.33
.55

iti

i;

0.62
239
241
239
1.w
Lm
L.59
L 76
214

i$
1.66
1.86

;g

:E

;:
Lb5
LM
L67
Lb3
1.64
.%
.33
.47
.’!4
.fo

:E
.67
.53

::
.36

:%
.S3
,W
,45

LB

1.47
234
2E3
2tc3
292
294
241
1.m
L96
.37

L84
Ln
L70

:%
L02

i:
1.70
1.47

;: $

;:
1.47
.14
.23

:2
.40
.45
.65

::
.69
.49
.32

:E
.n
.94

iZ

24
&a3
3.09
310
&12
3.17
3.18
2.10
2.%3

22
201
L 77,
Ln
1.67
L03

;:

;E
L48
L 49
1.Ml
L49
L 47
.W
.14
.24
.29
.3a

:%

::

:n
.31
.23
.53

:2

l%

267
2ea
263

;:
269

$2
274

2$

Ha
2X!
2UI
L81
1.@
L82
1.m
L66
LM
1.M
L65
1.64
1.61

::

.!M

.31
..2a
.46

::
.65
.48
.%
.26
.&)
.n
.M

i$

1
2
3
4
b
6

i

1;

;.
2
3
6
7.6

10
u
16
lt 1
la 3

:
45
66

E
77.C@
7&3
m
8s
W
96
97.6

m)
1.3
26
6

lZ:
18.1
26
36
4a

E
76
8-5
‘#l

~. 6

8n3

0.42
.21
.W

::

i’%
L48
2@9
2W
L?%
L63
1.64
LOl
l..

L34
2B
LE3
L 79
L81
L81
L32
LE2
L82
.W
.%
.97
.!39

i%
l.fi

.76

.es

.63

.62

.47

.49

.86

.84

.W

.63

4.79 465

M’ M
4.E3 4.36

437M 4.40

473 4.41
3.82 ao7
3.49
X72 M
am 280

2a-t
M %25
210 :~
::

LSI

M ;E
L@

;: R L 69
Lm ~.
Led
L60 L 6f
L64 1.F3
LB 1.82
0 0
.02 .03

.Qa
:: .11
.I1 .11
.12 .12
.22 .22
.W :%
.33
.32 .=

:: :%
.14 .14
.23 .24
.48 .61
.&l .72
.10 .10
.4 .42

. Angle of attack for rmxfmnm ML
b Inkrnaf WCSUW3.
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TABLE V.— PM/CZMDIEwRIBUTION i

(a) Plain fhpat 3-F, lCP, andI& (b) Plain lkp at a-m

CUos0.10 a 15 O.al 0.25 0.

I ~ ‘

w U35 a40 0.45 aw aaa aw a6s am &w alof ala O.m a26 am 0.36 a40 a45 aw aas. 0.00

r

o 0 0 0 0 0 0 0 0 0 0 0 0 0- 0 0 0 00 0 0 0 0 0 0 0 0
.06 -15 .15 .16 .m .17 .17 .18 .19 .!m .21 :2 .23 .25 .27 .la
.10

.15 .16 .16 .17 .17 .ls .19 .’ZJ
.23 .23 .24 .23 .25 .23 .27 .!29 .X1

.21 ,B ,23

.al :33 .34 .34 .3s .34 .38 .39 .40 .42 .44 .46
-34 .%3 .39 .22 .23 ,23 .24 .2a .25 .% .27 .29 .31 .32 .34

Zfc .49 .62 .EO :g :fi .34 .s :~ :x .39 :g :: ;g

GE
.W .43 .44 .46 .46 .47 .49 .im .52 .64 .57 .60 .63 .67 .72 .45 .46 .&l

.46 :g

(U.y;f
.60 ;~ .&# :g .70 .73 .77 .82 .8s :% :g :g

% :ea :: :: % :71 .73
.67 .m .Im .62 .64 .67 .70 :% .77

:$ :g .m .82 .= .8.5 .8$ .W :s3 .93 1% ig i; i!l? *M
.n .73 .76 .77 .80 .84 .88 .02

.79 .s0 .s

I

:M .% .F$ .93 .W .06 LW LfL5 L 10
m LOO L 01 L03 L&5 Lm Lll 1.la L 19 L24 LW L39 L48

.W L23 1:24 L% Ln LB L 31 L
.S3 LIW LOI L03 LOS L69 1.11 1.16 L 19 L 24 L al

34 LW L 42 L46 L52 Lt4 L67 L78 i!l L24 L26 LZ7 L2B L31 1.34 LW L42 ,L40 1.52 1.6!3
..m LTJ L 74 L 76 L 76 L77 L79 L81 LM LES L 92 LM 2W! 216 229 L73 L 74 L76 L76 L77 L79 L 81 L84 L Ea L62 Lw 2.06
LCQ a 74 6.6f 4.s9 4.40 4.01 3.n %W 335 3.% 3.15 3.11 303 204 &m 5.s3 4.lM &38 2oa 2S3 270 2@3 26s 256 250 2..59 Z62

T .93&454.4s3.783.32299 277 2!33 248 239 X32 223 2!22. 219 216. & a3 3.63 !2S3 261 2.2a 218 205 1.Q3 1.m L w 1.78 L 76
.s) 4.’% 3.M 2 92 257 2.31 212 2cm L w L81 L 74 L69 L64 L&l L67 4.23 2W 2.W 21!3 1.97 L81 L70 L62 1.56 L 49 1.44 L 40

1+
.70 3.85 272 223 L97 L77 L64 LE3 L44 L37 L32 Ln L22 L 19 L 16
.60 Zaa 218 L78 L57 L41 LW L21 L 14 LoS L04 LWI .Q3 .S3

3_n 263 216 LW Ln L56 L48 LW L 32 Ln 1.22 1.18

.&l 246 L72 L42 L 24 L 11 LcO .9s .&l .s .81 .77
.91 3.?3 235 LGZ L6B L52 L40 L&l LZ L 17 L M l.. :$

F .40 LWI L34 L1o
.75 .72

.W .86 .78 .73 .69 .63” -a .69 .57 .5s
.70 !L’W 2m L73 LEO 1.35 L 24 L 15 LB LC13 .W

(tQC@f .33 l.. .!W .m .70 .$3 .57 .53 .50
.53 2@.5 L67 L54 1.34 L19 L@J L02 .m

.47 .45 .43 .42 .40
.91 ..93 .83 ,m

.65 .53 .46 .41
.39 232 Lm L34 L16 L04 .W .Ea .S1 .7a

.35 .23

I

.31 .!M .% .27 .%
.76 .72 .69

.25 LW L% Lll .Q3 ;; .79 .73 .ea .55
j ;g .27 .24 .a :m .17 .16

.62
.16 .la .14 .13

.59 .Lw

:19
.13 L39 .%3 .79 .69 .67 .53 .50 .47 ;g .43 ,U

.16 .14 .12 .ll :10
0 0 0 0 0 0

.10 .W .@ .@ .@ .07 .07 :16 .7U .68 .&l .45 .40 .38 .35 .33
0’ 0 0 0 0 0 0 0 0

.2$ .23
0 00 0 0 0 0 0 0 0 0

It ,

.

1AfcdOed form of table~ IWL%thenmnm140rmommdentwastakentabe&mntkdlythesameastheUftccetlldent.


